Unlvariate prediction models of schizophrenia may be adequate for hypothesis testing but are narrowly focused and limited in predictive efficacy. Therefore, we used a multivariate design to maximize the prediction of schizophrenia from premorbid measures and to evaluate the relative importance of various predictors. Two hundred twelve Danish subjects with at least one parent diagnosed in the schizophrenia spectrum (high risk) and 99 matched subjects with no such parent (low risk) were assessed on 25 premorbid variables in seven domains (genetic risk, birth factors, autonomic responsiveness, cognitive functioning, rearing environment, personality, and school behavior) when the subjects averaged 15 years of age. Twenty-five years later, 33 subjects had received lifetime diagnoses of schizophrenia. Discriminant function analyses were used to discriminate schizophrenia outcomes from no mental illness and nonschizophrenia outcomes on the basis of premorbid measures. Regardless of the comparison group used, schizophrenia was predicted by the interaction of genetic risk with rearing environment, and disruptive school behavior. Within the high-risk group, two-thirds of schizophrenia outcomes were correctly predicted by these premorbid measures; three-quarters of those with no mental illness were also correctly predicted. Prediction was enhanced among those with two schizophrenia spectrum parents, lending support to a multiplicative gene X environment model. Implications for early identification/primary prevention efforts are discussed.
Because of the associated reduction of illness severity and chronicity, there is currently much interest in early intervention with schizophrenia , either at first break (Wyatt 1991; Loebel et al. 1992; McGorry et al. 1996; or during the prodromal stage (Falloon 1992; McGlashan et al. 2001) . If future cases of schizophrenia could be accurately identified premorbidly in adolescence, it would facilitate efforts to engage and monitor these individuals prior to prodromal symptoms. If premorbid identification was accurate enough, presymptomatic preventative interventions might even be feasible.
The key to success for any early identification project is the ability to identify a large proportion of individuals who develop schizophrenia (in order to maximize benefit) without including significant numbers of those who will not develop a mental disorder (in order to minimize risk). In this regard, prediction from a single premorbid variable may not be effective enough. Genetic risk is a powerful predictor of schizophrenia outcome, but when parental heritability is used in isolation, it results in the misidentification of 60 to 90 percent of high-risk individuals as preschizophrenic. Most of those who are "at risk" never develop the disorder. It may be necessary to use multiple premorbid variables in addition to genetic risk to maximize predictive effectiveness.
Many recent studies concerning the etiology of schizophrenia focus on the causal importance of highly specific signs and events. Various researchers hold that specific gene loci, obstetric insults, minor physical anomalies, or subtle motoric dysfunctions, because of their association with an excess of schizophrenia cases, point to a discrete biological cause (Sherrington et al. 1988; Cannon et al. 1989; Green et al. 1989; Walker and Lewine 1990; LaFosse 1994; Wang et al. 1995; Murphy and Owen 1996; Newmann and Walker 1996 ; Schizophrenia Linkage Collaborative Group for Chromosomes 3, 6, and 8 1996; Mednick et al. 1998; Weinstein et al. 1999) . Following the critique of Murphy and Owen (1996) , it appears that despite some consistency of results, these findings admit to a variety of theoretical explanations. For example, biological signs associated with schizophrenia (e.g., minor physical anomalies) may be due to early environmental insults, to schizophrenogenic genes, or to a third factor such as pervasive genetic homozygosity. Similarly, the origins of "preschizophrenic personality" may likewise be tangled between the expression of schizophrenogenic genes, individual variations in temperament, and the influences of family and social environments. Our current methods do not appear to be sophisticated enough to parse out the respective contributions of gene and environment, and we do not have a clear idea of the specific mechanisms that turn a certain combination of genetic and environmental events into the pattern of cognitive, perceptual, emotional, and personality-related disruptions known as schizophrenia.
Rather than repeating this sort of approach by validating a particular etiologic variable and proposing another etiologic model, the present study takes a broad view of the factors that have been implicated in previous literature as predictive of schizophrenia. Single-variable designs typically focus on whether an effect exists (i.e., its statistical significance); we wish to measure the magnitude of these effects and to compare the effect sizes of multiple predictive domains. The identification of broad domains that appear to independently influence schizophrenia outcome may then serve as a template for guiding more specific investigations.
Genetic Risk
Extensive findings from twin studies and adoption studies support the view that genetic factors are the single most powerful predictor of schizophrenia, accounting for as much as 70 percent of the variance of liability for the disorder (Rosanoff et al. 1934; Kallman 1946; Slater and Shields 1953; Gottesman and Shields 1982) . Monozygotic twins are, on average, three times as likely to be concordant for schizophrenia than are dizygotic twins (Prescott and Gottesman 1993) . Individuals with two parents with schizophrenia are about 46 times as likely as members of the general population to develop schizophrenia, and those with one such parent are 13 times as likely (Gottesman and Shields 1982) . Despite this, almost 90 percent of adults with schizophrenia do not have a parent with schizophrenia, which may at first glance suggest that the majority of schizophrenia cases are due to nongenetic factors. However, as Cannon et al. (1995) and others (Gottesman and Bertelsen 1989) have argued, the absence of a clear family history does not indicate a lack of genetic influence-vulnerability for the disorder is most likely polygenic, and substantial schizophrenia genetic material may be present in the parent without obvious phenotypic manifestation. Conversely, not all offspring of parents with schizophrenia are expected to inherit a predisposition. It is probable that genes affecting schizophrenia vulnerability are present at a number of loci and are subject to variable developmental expression; this may account for the lack of consistency in the results from linkage studies (Moldin and Gottesman 1997) .
Genetic risk is important not only as a direct influence but as a moderator. Genetically primed vulnerability may increase the adverse effects of environmental stressors. Several studies have shown that environmental insults due to perinatal complications or negative family environment have a markedly greater effect in children with a family history of schizophrenia (Mednick 1970; Tienari 1991) . However, a conflicting hypothesis proposing separate genetic and environmental etiologic pathways to schizophrenia is suggested by a recent population study's finding that an urban birthplace has a greater effect on schizophrenia risk among those without a family history (Mortensen et al. 1998 ).
Birth Factors
Meta-analyses have shown that a high level of obstetric complications may increase risk for schizophrenia 2-fold over the general population risk (Geddes and Lawrie 1995) , although two large birth cohort studies report negative findings (Done et al. 1991; Buka et al. 1993) . Both delivery and pregnancy complications have been implicated in separate studies, with no clear indication of the predictive superiority of any specific complication Sacker et al. 1995; Kendell et al. 1996; Hultman et al. 1997) . Contradictory reports have shown that the increase in risk due to obstetric complications is specific to those with and those without (Lyons et al. 1989 ) a family history of schizophrenia. An increase in schizophrenia risk among those born in winter months and in urban environments has also been noted (Machon et al. 1987; Mortensen et al. 1998 ). This increase may be partly attributable to the well-documented deleterious effects of maternal viral (influenza) infections Barr et al. 1990; O'Callaghan et al. 1991) .
Autonomic Responsiveness
Although much literature exists linking abnormal responding to concurrent schizophrenia, there is little documentation of autonomic predictors of later schizophrenia. High-risk studies report a conflicting pattern of evidence. Dawson and Nuechterlein (1984) conclude that children at high genetic risk for schizophrenia tend to be hyperreactive, especially to novel or aversive stimuli, which is consistent with early findings from the Copenhagen High-Risk Project (Mednick and Schulsinger 1968) . However, recent results emphasize a trend toward hyporesponsiveness, usually in response to the repetition of orienting stimuli . For example, in the New York High-Risk Project, high-risk children had longer latencies of skin conductance response and reduced P300 responses on an electroencephalogram assessment (ErlenmeyerKimling et al. 1984) . Both hyperresponsiveness (Weinstein et al. 1999 ) and hyporesponsiveness (Erwin et al. 1986 ) have been reported for adolescents with schizotypal personality disorder, who are also presumably at increased risk for developing schizophrenia. The same pattern of results found for those who are at risk for schizophrenia is reflected in the few reports of children who develop the disorder. In the National Institute of Mental Health (NIMH) Israeli High-Risk Study, adolescents who developed schizophrenia had longer latencies and lower response magnitudes but also showed a greater response to a novel stimulus . Cannon et al. (1990) may provide a partial explanation for the presence of conflicting findings in the literature, as they show that whereas hyporesponding (or nonresponding) is highly predictive of negative-symptom schizophrenia, hyperresponsiveness may predict positive-symptom schizophrenia.
Cognitive Functioning
The preponderance of evidence from follow-back studies indicates that individuals with schizophrenia have lower premorbid IQs than their peers and their siblings (Lane and Albee 1964; Aylward et al. 1984; Jones 1998; Davidson et al. 1999) . However, no high-risk study has yet reported general intellectual functioning to be an effective predictor of schizophrenia among those at genetic risk. In fact, in the Copenhagen high-risk sample, children who developed schizophrenia had slightly higher premorbid IQ scores than their high-risk peers (Watson et al., in press ). Other researchers have attempted to identify specific areas of impairment in individuals prone to schizophrenia, perhaps in an effort to find precursors of the marked deficits in executive functioning, sustained attention, and memory observed in many adults with schizophrenia (Seaton et al. 2001) . Executive functioning appears to be impaired in certain high-risk groups, such as relatives of adults with schizophrenia and adolescents with schizotypal personality disorder (Faraone et al. 19956; Mirsky et al. 1995a; Diforio et al. 2000) , but does not appear to predict schizophrenia within a given high-risk group (Diforio et al. 2000) . Likewise, a deficit in abstract reasoning was noted in one sample of high-risk children (Sohlberg and Yaniv 1985) but did not predict schizophrenia in the same sample or in another high-risk sample (Mirsky et al. 1995a; Watson et al., in press) . In contrast to these findings, deficits in sustained attention have been observed both in genetic high-risk groups (Faraone et al. 19956; Cornblatt and Obuchowski 1998; Erlenmeyer-Kimling et al. 2000) and specifically among those who develop schizophrenia or schizophrenia spectrum disorders (Mirsky et al. 1995a; Erlenmeyer-Kimling et al. 2000) . A recent reanalysis of the New York High-Risk Project data found that sustained attention and immediate recall memory were accurate predictors of future schizophrenia, both separately and in combination (Erlenmeyer-Kimling 2000) .
Rearing Environment
Various aspects of the rearing environment have been implicated in the etiology of schizophrenia. Familial and parental dysfunction have been shown to predict schizophrenia outcome over and above the effect of genetic risk (Singer et al. 1978; Tienari et al. 1987 Tienari et al. , 1989 ) and within a sample at genetic risk (Burman et al. 1987 ). This dysfunction has been variously measured through indices of communication deviance and the parent-child relationship. Other studies have found an increased risk for those subjected to adverse physical conditions, such as overcrowded residences and deprived neighborhoods (Harrison et al. 1998; Torrey and Yolken 1998) . This may indicate a general role for low socioeconomic status (SES) in the prediction of schizophrenia, although contrary evidence exists (Isohanni et al. 1998) . One study found an increase in schizophrenia cases among children of first-generation African-Caribbean immigrants (Hutchinson et al. 1996) ; however, it is uncertain whether this effect was due to adverse rearing circumstances or to interuterine insults. Similarly, high-risk children raised in children's homes had an increased chance of developing schizophrenia (Gutkind et al. 1997; Walker etal. 1981) . Other extrafamilial environments may be less harmful: the kibbutz communal rearing environment showed no differential effect on lifetime psychosis outcomes , and high-risk children raised by relatives had a more favorable outcome than did their peers raised by mothers with schizophrenia .
Personality
The identification of premorbid personality traits predictive of schizophrenia outcome is based on early followup studies that used the observations of social-service personnel. Children who later develop schizophrenia are repeat-edly described as anhedonic, socially isolated, mildly psychotic, and antisocial (Offord and Cross 1969; Adler 1973; Meehl 1973; Roff et al. 1976a ). The recent prospective and follow-back evidence paints a consistent picture: young children who develop schizophrenia are observed to be less responsive, make less eye contact, and show less positive affect (Walker and Lewine 1990) ; and older children and teenagers who develop schizophrenia display more anxiety, are seen as withdrawn, suspicious, and socially undesirable, and more frequently have schizophrenia spectrum personalities (Faraone et al. 1995a; Kugelmass et al. 1995; Mirsky et al. 1995fc) .
Despite early reports showing disappointing results for self-report indicators of personalities (Griffith 1982; Grove 1982) , recent work has identified promising candidates for predicting schizophrenia. High scorers on measures of both social anhedonia and magical ideation had greater risk for later psychosis than their peers (Chapman et al. 1994) . In a large-scale population study of Israeli males, low scores on measures of peer status, social relationships, time management, and self-care predicted later schizophrenia outcome (Davidson et al. 1999) . In terms of the Minnesota Multiphasic Personality Inventory (MMPI), scales tapping unusual beliefs and antisocial traits have discriminated twins discordant for schizophrenia (Gottesman and Shields 1972) and have predicted schizophrenia outcome within both high-risk (Carter et al. 1999; Bolinskey et al. 2001 ) and unselected samples (Gottesman and Hanson 1990) .
School Behavior
Despite some conceptual overlap with personality functioning, school behavior has emerged as one of the best predictors of mental illness in general (Garmezy 1975) and schizophrenia in particular. Two follow-back studies found that adults with schizophrenia were rated less socially competent by their high school teachers than were students in comparison groups (Watt 1972; Roff et al. 1976£>) . In a recent report from a birth cohort study, teachers' ratings of schizoid and withdrawn behavior predicted schizophrenia (Jones and van Os 1998) . A contrasting portrait of aggressive, disruptive, and emotionally unstable behavior has been observed for high-risk children in general (Janes et al. 1983; Watt et al. 1984; Weintraub and Neale 1984) , as well as for those high-risk individuals who become psychotic (Amminger et al. 1999) . A possible resolution of these conflicting results is suggested by Olin et al. (1995) , who find shy and withdrawn behavior to predict schizophrenia among females and disruptive and inattentive behavior to predict schizophrenia among males. This mirrors the gender differences noted by Watt (1972) in his reanalysis of early followup accounts of premorbid personality.
Multivariate Prediction Models
Given the preceding wealth of indices and variables that have been reported to increase one's risk for schizophrenia, it is puzzling that only a few published studies have combined factors from different predictive domains in a multivariate model. A recent follow-back study of Israeli males discriminates future schizophrenia cases (n -509) from no mental illness cases (n -9,125) with a sensitivity of 75 percent and a specificity of over 99 percent (Davidson et al. 1999) . This study used a conditional logistic regression algorithm that combined social functioning, organizational ability, and intelligence measures from draft board tests when subjects were 16 to 17 years old. Most results from high-risk designs have been less successful. To the authors' knowledge, investigators from many high-risk projects (e.g., the New York High-Risk Project, the St. Louis Risk Research Project, and the Stony Brook High-Risk Project) have not published any comprehensive multivariate designs that predict schizophrenia outcome. Nathan et al. (1993) use logistic regression to predict later mental illness in the NIMH-Israeli High-Risk Study from adolescent measures of peer relationships and maternal qualities, but they do not differentially predict schizophrenia outcomes, perhaps because of the small cell size (n = 5). An early path model from the Copenhagen High-Risk Project was able to account for 16 to 24 percent of the variance in the schizophrenia symptom domains of male subjects with a combination of measures of institutional rearing, maternal absence, and obstetric complications; prediction of symptoms for females was unsuccessful . A landmark study by Cannon et al. (1990) , also from the Copenhagen sample, reports divergent logistic regression functions that predict predominantly negative-symptom and predominantly positive-symptom schizophrenia for highrisk subjects. Negative-symptom schizophrenia (n = 7) is discriminated from all other outcomes (n -131) with a sensitivity of 100 percent and a specificity of 99 percent using a combination of delivery complications, autonomic nonresponsiveness, and increased genetic risk; positive-symptom schizophrenia (n = 8) is discriminated from other outcomes (n = 152) with a sensitivity of 75 percent and a specificity of 92 percent by combining measures of early rearing instability with autonomic hyperresponsiveness. However, this study may be limited in its generalizability because of the small numbers of subjects composing the target outcomes.
Hypotheses
In each of the seven domains noted above (genetic risk, birth factors, autonomic responsiveness, cognitive functioning, rearing environment, personality, and school behavior), one or more variables has been associated with predicting schizophrenia outcome. It is unlikely that only one of these domains is etiologically important to schizophrenia. Rather, there may be multiple pathways and a complex interaction of genetic predispositions, environmental influences, and developmental precursors in the development of schizophrenia. Our knowledge base is not advanced enough to be certain of what those pathways are; however, multivariate designs may allow us to pinpoint the most important domains, at least for a given sample. As multivariate results are replicated, schizophrenia researchers can proceed with theoretical and predictive efforts with maximum coverage and accuracy.
We used the longitudinal design of the Copenhagen High-Risk Project to assess the effect of the above domains on the liability for schizophrenia. The advantages of a prospective longitudinal design are 2-fold. First, all assessments are necessarily made blind to diagnosis. Outcome bias will not affect parents' and teachers' recollections or clinicians'judgment. Second, because subjects are prospectively selected, stronger conclusions may be drawn regarding the relations between premorbid factors and outcomes than is possible in other nonexperimental designs (Pedhazur and Schmelkin 1991 (Jorgensen et al. 1987 ). An additional 9 percent would be counted as having schizophrenia if DSM-IV criteria (APA 1994) regarding age of onset were used.
The control, or "low risk," group consisted of 104 children of normal parents and grandparents (i.e., no evidence of psychiatric hospitalization in either generation). Control subjects were matched to experimental subjects on age, social class, gender, and rearing in a child care institution.
2 Children in both groups averaged 15.1 years of age at the time of the premorbid assessments. No children showed overt psychotic symptomatology at the time of these assessments. Demographic information for these subjects is shown in table 1.
Assessments
Premorbid assessments. In 1962-1964, the study cohort underwent an extensive battery of assessments. These included electrodermal conditioning trials, a psychiatric interview, the Adjective Check List, the MMPI, and the Wechsler Intelligence Scale for Children (WISC). In addition, participants' birth records and mothers' psychiatric records were examined, mothers were interviewed by a social worker, and teachers were asked to complete a brief questionnaire. See Mednick and Schulsinger (1965) , Mednick (1970) , Cannon et al. (1990), and Carter et al. (1999) for complete details of these assessments. Followup assessments. In 1972 In -1974 percent of subjects were reassessed in a 10-year followup. Assessments included an extensive diagnostic interview developed by the researchers as well as administrations of the Present State Examination (PSE) and the Current and Past Psychopathology Scale (CAPPS). A consensus diagnosis was based upon agreement of two of the three diagnostic assessments (PSE and CAPPS diagnoses were assigned by computer). At the 10-year followup, 15 highrisk subjects and 1 low-risk subject were given a consensus diagnosis of schizophrenia (including 2 deceased high-risk subjects who were diagnosed from their hospital charts).
In 1986-1989, 86 percent of subjects were contacted for a 25-year followup. The PSE was administered, together with the Schedule for Affective Disorders and Schizophrenia, the Personality Disorder Examination, and symptom scales such as the Scale for the Assessment of Negative Symptoms and the Scale for the Assessment of Positive Symptoms. In 1992, diagnostic material from both followups was reviewed by a committee of five senior psychologists and psychiatrists in the light of DSM-III-R criteria. New 10-year and 25-year diagnoses were assigned by consensus of the committee; as a result, nine additional subjects (eight high risk and one low risk) were reclassified as having had schizophrenia at the 10-year followup. A lifetime diagnosis was assigned to each subject, defined as the most severe diagnosis received in either followup. Thirty-one high-risk subjects and two low-risk subjects received lifetime diagnoses of schizophrenia. Eighteen subjects (15 high risk and 3 low risk) did not receive a lifetime diagnosis. Of the high-risk subjects with missing diagnoses, 6 died, 5 emigrated, 3 refused, and 1 was untraceable; 1 low-risk subject emigrated and 2 were untraceable. These subjects were excluded from the analyses.
Diagnostic assessment of fathers. In 1980-1983, all living fathers were asked to be interviewed at home by a psychiatrist. This interview included the Schizophrenia Spectrum Schedule (see Rieder 1979) , the Schedule for Affective Disorders and Schizophrenia-Lifetime version, and portions of the PSE relevant to psychosis. A review was also made of any fathers' hospitalization records found in the Danish psychiatric register. Based on these sources, the fathers of 48 high-risk subjects were diagnosed with schizophrenia spectrum diagnoses (1 schizophrenia, 11 other psychosis, 36 spectrum personality), and the fathers of 4 low-risk subjects were similarly diagnosed (1 other psychosis, 3 spectrum personality). Of the remaining high-risk-subjects' fathers, 52 received other Axis I diagnoses (including 17 with major affective disorder and 31 with alcoholism or organic brain syndrome), and 14 were diagnosed with nonspectrum personality disorders. The fathers of 35 low-risk subjects were diagnosed with other Axis I disorders (including 14 major affective and 17 alcoholism or organic), and 6 low-risk-subjects' fathers received nonspectrum personality diagnoses. The mothers' hospital records were then examined for any evidence that the father had a spectrum disorder: 14 additional high-risk-subjects' fathers and 1 additional lowrisk-subject's father had such evidence. When these data were added to the 1980-1983 diagnostic totals, a total of 62 high-risk-subjects' fathers and 5 low-risk-subjects' fathers were considered to have lifetime schizophrenia spectrum diagnoses.
Measures
Genetic risk. The number of parents with schizophrenia spectrum diagnoses was used as a rough index of heritability. Although it may have been possible to use severity of mother's and father's illness as a continuous index, we felt that father's severity could not be coded reliably from the available information; also, there is no consensus in the literature as to the relative impact of parents' symptom severity on risk estimates. All subjects with both a mother with schizophrenia (as diagnosed in 1962-1964 ) and a schizophrenia spectrum father (n -62) were classified as super high risk and were assigned a risk value of 2. All subjects with either a mother with schizophrenia (n = 145) or a schizophrenia spectrum father (n = 5) were classified as high risk and were assigned a risk value of 1. The remaining subjects (n = 99), those without spectrum-diagnosed parents, were classified as low risk and assigned a risk value of 0. Note that this classification into risk groups differs from that used in other Copenhagen High-Risk Project publications (Mednick and Schulsinger 1968; Cannon et al. 1990; Parnas et al. 1993 ) by virtue of grouping the five original low-risk subjects with spectrum fathers together with the high-risk subjects. One of the original low-risk subjects who developed schizophrenia had a spectrum-disordered father; thus, a total of 32 high-risk individuals are here considered to have developed schizophrenia, leaving only a single low-risk schizophrenia case.
Birth factors. Both pregnancy and delivery complications were examined, as the literature fails to show the clear superiority of one over another in the prediction of schizophrenia. Because total complication scores are considered more reliable indices of neonatal stress than any individual complication (Kendell et al. 1996) , the number of complications and the overall severity of complications were taken from the midwives' reports in participants' birth records. These two indices were weighted equally (standard deviations were equalized) and summed to form a global complication score with a mean of 5 and a standard deviation of 5.
Winter birth was assessed by a dichotomous index: a birth that occurred in the months carrying the highest schizophrenia risk (January to April; Kaplan et al. 1994) was scored 1, and a birth that occurred in another month was scored 0.
Autonomic responsiveness. Autonomic responsiveness was tapped by electrodermal measures obtained in the auditory conditioning exercise. Skin resistance readings (in ohms) were transformed into conductance equivalents (microsiemens) for the purposes of analysis following an equation given by Edelberg (1967) . Aversive response, measuring hyperresponsiveness, was operationalized as the amplitude of response to the first occurrence of a loud, irritating tone. Response habituation, tapping hyporesponsiveness, was calculated by summing the number of responses to the 8 orienting trials, to the 5 presentations of the orienting tone within the partial conditioning trials, and to the 9 generalization trials (22 trials total). This habituation variable is identical to the continuous measure of responsiveness used by Cannon et al. (1990) .
Cognitive functioning. The WISC was the only standardized test of cognitive functioning used in the premorbid assessments. Because the literature has reported both general and specific (i.e., executive functioning, abstract reasoning, sustained attention) deficits as precursors of schizophrenia, we were caught in a bind between using the full-scale IQ and using specific subtest scores such as arithmetic, digit span, and coding (using both types of scores would result in highly collinear part-whole relationships). Therefore, we factor-analyzed the WISC to obtain variables at a middle level of specificity. As might be expected, two factors were extracted corresponding to verbal and performance domains; thus, we used the verbal and performance IQ scores. The arithmetic and digit span subtests are highly correlated with verbal IQ (r -0.71 and 0.55, respectively) but not performance IQ (r = 0.42 and 0.25). Therefore, if specific deficits in abstract reasoning and attention are predictive of schizophrenia, then low scores should be noted for only verbal IQ; however, if schizophrenia is predicted by a general deficit, then low scores should be noted for both verbal and performance IQs.
Rearing environment. Disruptions in the child's relationship to his or her caregivers, whether due to institutionalization, the death of a parent, divorce, or family instability, have been variously implicated in the development of adolescent emotional and social dysfunction and adult psychopathology (Baker et al. 1984; Olin and Mednick 1996; Dozier et al. 1999; Kobak 1999) . We assessed two aspects of this disruption: institutionalization and family instability. Institutionalization, indexed by the number of months spent in a child care institution (orphanage, children's home) within the first 10 years of life, measured the extent of separation from parental figures in an impersonal rearing environment. Family instability measured the number of upheavals in the child's primary family constellation, including divorce, separation, remarriage, parental death, transfer to foster care, and institutionalization. Each change in the identity of either the mother figure or the father figure, or both, increased the family instability score by 1 point. Data were drawn from the social worker's interview with the mother in 1962. For each of five time periods (0-1 year, 1-2 years, 2-5 years, 5-10 years, and 10-14 years in age), the social worker coded the extent to which the child lived (1) with the mother, (2) with a substitute mother figure (e.g., stepmother, foster mother, father's girlfriend), (3) with the father, (4) with a substitute father figure, and7or (5) in an institution. Within a given time period, family instability was counted if the subject (1) spent some but not all of the period with the same mother figure (either biological or substitute mother), (2) spent some but not all of the period with the same father figure, and/or (3) spent some time with parents or substitute parents and some time in an institution. Between time periods, family instability was scored for each discontinuity in the makeup of the family unit. For example, if a child lived with the mother between the ages of 1 and 2 and both lived with a substitute mother and in an institution between the ages of 2 and 5, this would receive a score of 2 points (1 within the 2-5 year period, 1 between the two time periods). Although there is some conceptual overlap between institutionalization and family instability, the two variables are only moderately intercorrelated (r -0.19). It is noted that these two variables are similar to elements composing Cannon et al.'s (1990) family instability index.
Negative qualities of the parents have been implicated in the development of schizophrenia in several studies; these qualities have been variously operationalized as parental communication deviance (Goldstein 1987; Rund 1994) , global family disturbance (Tienari 1991) , or negative relationship with mother and father (Burman et al. 1987) . We chose to focus on parental factors such as hostility and irresponsibility that would be expected to negatively affect the home environment. First, all available items relating to the personality or parenting of the mother and/or father, as well as items related to general family harmony, were selected for factor analysis. These items were drawn from the social worker's interview, the psychiatric interview, and the mother's records, and thus include a mix of the mother's, the child's, and third-party perspectives. Items with too many missing values (40% or more of the sample) or insufficient variance (more than 95% of cases having the same value) were deleted. The remaining 42 items were analyzed using the principal components method, with varimax rotation. After inspection of the scree plot, four factors were extracted. Upon examination of the highest-loading items, the factors were named parents' absence, maternal conflict, paternal conflict, and effect of mother's illness. Because a scale of parents' absence would likely duplicate information assessed by the institutionalization and family instability measures described above, we selected maternal conflict and paternal conflict as measures of negative parental qualities. Scales were formed for each of these factors by summing all items loading more than 0.40 on a given factor. Each scale item was given equal weight in the scoring, scores were prorated for missing items, and scales were scored in the direction of dysfunction. Following a reliability analysis, one item (number of mother's hospitalizations) was dropped from the maternal conflict scale and one item (number of father's convictions) was dropped from the paternal conflict scale in order to improve the internal consistency of each scale. The resulting maternal conflict scale has an internal consistency reliability of 0.70 (Cronbach's alpha). The resulting paternal conflict scale has a corresponding reliability of 0.56. Table 2 displays the items composing these scales.
It was also deemed useful to measure the extent that the child was exposed to peer relationships during childhood. In the developmental literature, childhood friendships have been shown to benefit social and emotional growth and are thought to partially ameliorate the ill effects of harsh or abusive parenting (Price 1996) . Four- All items concerning the father were coded for the male figure who had been with the child the longest.
teen items from the social worker's interview and the psychiatric interview related to peer contact were factor-analyzed using the same procedure as above. One factor was extracted, tapping items related to the quantity and quality of peer relationships. A peer contact scale was formed by summing all items loading more than 0.40 on this factor. The scale was scored in the direction of positive functioning. The items composing this scale are listed in table 2; the scale has an internal reliability of 0.79 (Cronbach's alpha). Personality. Three facets of premorbid personality were measured to cover preschizophrenia characteristics noted in the literature: self-report of unusual thoughts and beliefs, observer-rated oddness and peculiarity, and subclinical psychopathology. Four candidate scales were selected from the MMPI that had predicted schizophrenia in previous studies: infrequency (F), psychopathic deviate (4), schizophrenia (8), and psychoticism (PSY; Wiggins 1966) . The intercorrelations among these scales were examined, and it was noted that the F, 8, and PSY scales were highly correlated (mean r = 0.71), whereas these scales were only moderately correlated with scale 4 (mean r -0.36). The content of these three scales tends to reflect unusual beliefs, perceptions, and thoughts. To arrive at a reliable index of this sort of internal experience, the F, 8, and PSY scales (raw scores) were weighted equally and then summed. It is noted that these scales were drawn from a partial, 304-item version of the MMPI and may not accurately represent the complete scales. To evaluate this, a complete MMPI administration given to the same subjects in 1986-1989 was used to calculate the representativeness of the partial scales. Partial to full-scale correlations for the F, 8, and PSY scales were 0.86, 0.97, and 0.95, respectively. Additionally, many subjects refused to answer either "true" or "false" to an unusually high number of items in the 1962-1964 administration; to control for this, subjects' raw scores were prorated according to the proportion of valid items (see Greene 1980; Carter et al. 1999) .
Observer-rated personality was measured by the Adjective Check List (Gough and Heilbrun 1965) , completed by three or four clinicians, including the psychiatrist. The proportion of clinicians endorsing a given adjective for each subject was calculated to construct an average observed profile. We selected 79 adjectives that described a broad range of maladaptive characteristics and subjected the average observed scores for those adjectives to principal components factor analysis with varimax rotation. Five factors were extracted, the first of which tapped traits such as peculiarity, awkwardness, and slowness. These characteristics appeared to be relevant to the social undesirability, suspiciousness, and decreased time management and self-care noted in many descriptions of preschizophrenia personality (Lewine et al. 1980; Kugelmass et al. 1995; Davidson et al. 1999 ). All items loading 0.40 or more on this factor were summed to create the observed awkwardness scale; these items are displayed in table 3. The scale was scored in the direction of dysfunction; it has an internal reliability of 0.89 (Cronbach's alpha).
An index of subclinical spectrum pathology was derived through the psychiatrist's clinical observations in the psychiatric interview. All items relating to the subject's mental status, emotional state, or psychological health were factor-analyzed after removing items with a large number of missing values or insufficient variance (as noted above for the rearing environment scales). The first factor combined items suggestive of spectrum pathology with indices of global adjustment. Items load- ing greater than 0.40 were weighted equally and summed to form the psychiatric health scale; these items are also listed in table 3. The scale has an internal reliability of 0.82. Note that the scale is scored in the direction of positive functioning, so that low scores would indicate pathological mood, loose associations, flat affect, speech defects, and the like. School behavior. The teacher's report contained information on the subject's academic performance (5 items) and behavior in the classroom (29 items). When the 29 behavioral items were factor-analyzed (principal components, varimax rotation), two factors were extracted: disruptive and passive behavior. These factors closely match indices used in previous analyses by Olin et al. (1997) and represent clusters of behavior frequently noted in the literature as predictive of schizophrenia. The disruptive behavior and passive behavior scales were formed from all items loading 0.30 or higher on each factor. Items composing each scale are reported in table 4; these scales are scored in the direction of dysfunction. The disruptive behavior scale has an internal reliability of 0.83; the passive behavior scale has a reliability of 0.84.
Additional predictor variables. In addition to the above measures of genetic risk, birth factors, autonomic responsiveness, cognitive functioning, rearing environment, personality, and school behavior, we included the Table 4 . School behavior scales variables of gender, age at the time of assessment, and SES. Gender differences in the development of schizophrenia were modeled through the variable of gender itself (effect coded with male = 1 and female = -1) and by the interactions noted below. Age may be an important covariate for the measures of adolescent functioning. Finally, SES may directly affect the quality of the subject's rearing environment and modify the effects of other variables. A seven-point classification of the father's occupational status (Svalastoga 1959) , ranging from 0 = unskilled worker to 6 = professional, was used to index SES.
Interaction effects. Because of evidence that the impact of several premorbid variables on one's vulnerability to schizophrenia may vary with genetic risk or gender, we decided to add salient interaction effects to our model. Many theories hold that the impact of environmental stressors may be exaggerated in those with a genetic vulnerability (Mednick 1970; Tienari 1991) . Therefore, we have included terms to model the interaction of risk with SES, birth factors, and rearing environment. This type of interaction is best conceived as a multiplicative one: when risk is absent, the interaction effect should be 0; when risk is present, the effect of the environmental stressor should increase proportionately to the level of risk. Therefore, SES, birth factors, and rearing environment were first transformed into summary variables having a mean of 5 and a standard deviation of 5. 3 For this purpose, the direction of SES was changed so that high values indicate low SES. For birth factors, the complication score and the winter birth indicator were given equal weights and then summed. For rearing environment, the direction of peer contact was changed so that high values indicated lack of peer contact; then this value was added to equally weighted scores for family instability, institutionalization, maternal conflict, and paternal conflict. After these summary indices were calculated, they were multiplied by genetic risk. This created interaction terms with stratified but overlapping distributions: low-risk subjects have a mean and standard deviation of 0, high-risk subjects have a mean and standard deviation of 5, and super high-risk subjects have a mean and standard deviation of 10.
Gender is reported to moderate the prediction of schizophrenia in several studies (Watt 1972; Olin et al. 1995 ), so we have included the interactions of gender with genetic risk and school behavior. Because gender is supposed to moderate, rather than accentuate, the effects of these variables, the interaction terms must be calculated in a different way. First, genetic risk and school behavior must be scaled so that a 0 represents a level at which gender would not be expected to have an interactive effect. Genetic risk already has a meaningful 0, indicating a lack of risk. For school behavior, we wished to model the hypothesis that disruptive behavior is more predictive for boys, whereas passive behavior is more predictive for girls. Therefore, the passive behavior score was subtracted from the disruptive behavior score (weights were equalized). 4 The mean of the resulting difference scores was then set to 0, so that positive scores indicate relatively more disruptive behavior and negative scores indicate relatively more passive behavior. Because gender is effect-coded as noted above, multiplying gender by risk results in a variable that is positive for high-risk boys and negative for high-risk girls, thus modeling a differential effect of risk by gender. Multiplying gender by the school behavior difference score results in a variable that is positive when boys are disruptive and girls are passive (i.e., consistent with hypothesis) but negative when boys are passive and girls are disruptive (i.e., contrary to hypothesis). Table 5 contains a list of the variables to be used as predictors in our analyses, grouped by domain. An effort was made to obtain continuous mea-sures of each predictor wherever possible. This was done to maximize the information used in the analysis and to correct the tendency to make false distinctions based on the dichotomization of truly continuous variables. The skew and kurtosis values for the continuous variables were examined for indications of substantial departures from normality (defined as skew or kurtosis absolute value greater than 1.0). Nonnormal variables were transformed to better approximate normality. The variables of institutionalization and aversive response were log-transformed, based on the assumption that their effect would vary proportionately to their magnitude. The remaining nonnormal variables were normalized. For each variable, raw scores were first converted to rank quantiles within the entire sample; tied raw scores were given a median rank score. The rank-order scores were then transformed to approximate a normal distribution through a PROBIT function (SPSS Inc. 1990 ) and were set to a mean of 5 and a standard deviation of 5. Normalizing transformations are defensible in the absence of solid theory regarding the meaning of particular scale scores (Cohen and Cohen 1983) . Additionally, this process is similar to that used in the scaling of standardized tests such as the Wechsler Adult Intelligence Scale-IH and the MMPI-2. Table 5 reports the transformation used (if any) for each predictor.
Statistical Methods.
As noted in table 5, many of our variables had one or more missing values. We decided to substitute the sample mean for missing values, provided the number of missing values was relatively small. Small-scale mean substitution results in slightly decreased group differences and more conservative estimates of discriminant coefficients. Variables with over 10 percent missing values (i.e., 32 or more) were dropped from the analysis, as including them would mean either unnecessarily restricting the sample (if missing cases were excluded) or markedly distorting the variables' distributions (if cases were mean-substituted). Because of this, the birth complication score was excluded from the set of predictors. The corresponding risk X birth factors interaction term was deleted for the same reason.
Discriminant function analysis (DFA) was chosen for these analyses for three reasons. First, it is an effective way of uncovering the dimensionality of group differences. Second, it is useful as a method for comparing the predictive efficacy of several variables. Third, using the obtained discriminant functions, one can reclassify the subject pool and approximate the accuracy of prospective identification efforts based on the predictor variables (Betz 1987) . DFA has been shown to produce classification results that are nearly identical to those produced using logistic regression, even under conditions of unequal group sizes, nonnormal data, and unequal covariance matrices (Fan and Wang 1999) . We also decided against running a receiver operating characteristic (ROC) analysis. This sort of analysis is superficially attractive, as it allows the reader to select a cutoff value for the reclassification function that best satisfies his or her needs for sensitivity and specificity. However, in the prediction of schizophrenia outcomes, an ROC analysis is premature: it inflates type I error by allowing the researcher to determine an optimal cutoff value a posteriori, and it assumes that the obtained predictive function will be constant across samples. Table 6 contains the lifetime diagnoses of all Copenhagen participants, separated by risk group. In our attempt to discriminate schizophrenia outcomes, we selected three comparisons. First, lifetime schizophrenia (n -32) 5 and no mental illness outcomes (n = 70) were compared within the high-risk sample (i.e., those with at least one parent diagnosed with a schizophrenia spectrum disorder). This was done to address the question of what differentiates high-risk individuals who develop schizophrenia from peers who share a similar level of genetic risk but escape future psychiatric pathology. Second, schizophrenia (n = 33) and no mental illness outcomes (n = 128) were compared in the entire sample. This analysis more accurately models the effect of genetic risk, as the full range of the variable is utilized. Individuals with no mental illness are used as the comparison group in order to maximize group differences and provide the clearest picture of a preschizophrenia profile. 6 Because individuals who go on to develop nonschizophrenia disorders have been shown to share certain premorbid characteristics with those who develop schizophrenia (Aylward et al. 1984; Machon et al. 1997; Amminger et al. 1999; Weinstein et al. 1999) , including them in a nonschizophrenia comparison group may result in a discriminant function with reduced predictive efficacy. This hypothesis is tested in a third comparison, where individuals who develop schizophrenia (n = 33) are contrasted with all other individuals (n = 260).
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Stepwise DFA with ap< 0.05 criteria for variable entry was used for all analyses.
Results
Means and standard deviations for all predictors are presented in table 7. Additionally, the means and standard deviations are given for all subgroups relevant to the dis- criminant analyses: high-risk schizophrenia (n = 32), lowrisk schizophrenia (n = 1), high-risk no mental illness (n = 70), low-risk no mental illness (n -58), high-risk other mental illness (n = 94), and low-risk other mental illness (n = 38).
Analysis 1. Schizophrenia Versus No Mental
IllnessHigh-Risk Sample Only. Among those with at least one schizophrenia spectrum parent, adolescents who developed schizophrenia (n = 32) were contrasted with adolescents who remained free of mental illness (n = 70). Univariate comparisons between these two groups are presented in table 8. Absolute p values were evaluated for significance using a sequential Bonferroni correction. The most significant test is evaluated at p < 0.05/k, where k is the number of tests; the second most significant test is evaluated at p < 0.05/(k -1), the next-most at p < 0.05/(k -2), and so forth. This correction tempers the conservatism of the usual Bonferroni approach while maintaining a testwise alpha of < 0.05. From these data we observe that, within a high-risk cohort, individuals who develop schizophrenia show a stronger interaction of genetic risk and negative rearing factors compared with their peers who do not develop any future mental illness. No other predictors passed the stringent criterion for significance; however, high-risk adolescents who develop schizophrenia show strong trends in the direction of more disruptive behavior in school, more time spent in children's institutions, more unusual MMPI responses, fathers who are more unstable and hostile, more changes in family constellation, and elevated risk (by virtue of having two schizophrenia spectrum parents). In the stepwise DFA procedure, the interaction of genetic risk and rearing environment entered first (p < 0.00005), followed by disruptive school behavior (p = 0.0047). Once these two variables had entered the equation, no other predictors added significantly to the discriminant function. Wilks' lambda for the resulting function was 0.768 (chi-square = 26.1, df= 2, p < 0.00005), which indicates that the function accounted for about 23 percent of the variance in diagnostic outcome. A diagram of this discriminant function, including the standardized function coefficient for each predictor and the mean function score (centroid) for each group, is depicted in figure 1. Note that Box's M equals 29.5 (p < 0.00005), which indicates that the covariance matrices were unequal for the two diagnostic outcome groups. Fortunately, DFA has been shown to be robust in simulations involving unequal matrices (Fan and Wang 1999) .
Schizophrenia and no mental illness high-risk subjects were then reclassified into predicted diagnostic group on the basis of their discriminant scores. Equal probability of group membership was assumed. The discriminant function correctly predicted diagnostic outcome for 66 percent of the schizophrenia subjects (i.e., sensitivity) and 73 percent of the no-mental-illness subjects (i.e., specificity), for an overall correct classification rate ("hit rate") of 71 percent. Positive and negative predictive values for this function are 53 percent and 82 percent, respectively. Table 9 shows the classification table for Analysis 1. It is important to note that both the discriminant function and the reclassification procedures were run on the same sample and are likely to overestimate predictive efficacy. 21 (66) 19 (27) 11 (34) 51 (73) Cross-validation in an independent sample is recommended to obtain more accurate estimates (Betz 1987 ).
Analysis 2: Schizophrenia Versus No Mental DlnessTotal Sample (High Risk and Low Risk Combined).
In the second analysis, those who developed schizophrenia (n -33) were again compared with those who did not become mentally ill (n = 128), but low-risk subjects were also included. This inclusion mainly had the effect of broadening the comparison group, as the addition of one low-risk subject is unlikely to change the characteristics of the schizophrenia group. As can be seen in the univariate comparisons (table 10) , many more significant differences were noted between groups. Because of the addition of low-risk subjects, the impact of genetic risk is more evident: schizophrenia outcome is characterized by higher genetic risk, as well as significant effects for the interactions of genetic risk with both negative rearing environment and low SES. Those who go on to develop schizophrenia also experience more changes in family constellation, are more disruptive in school, have mothers and fathers who are more unstable and hostile, spend more time in children's homes, and are rated by observers to be more peculiar and awkward. In the stepwise DFA procedure, the interaction of genetic risk and rearing environment again entered first (p < 0.00005), followed by disruptive school behavior (p = 0.0009). The covariance matrices for the two groups were again unequal (Box's M = 35.3, p < 0.00005). Wilks' lambda for the resulting function was 0.689 (chi-square = 58.8, df=2,p< 0.00005), which indicates that the function accounted for about 31 percent of the variance in diagnostic outcome in the total sample. The discriminant function coefficients and the group centroids are displayed in figure 2.
All schizophrenia and no mental illness subjects were then reclassified into predicted diagnostic group on the basis of their discriminant scores. This discriminant function (DFA2) had a sensitivity of 67 percent, a specificity of 80 percent, a positive predictive value of 46 percent, and a negative predictive value of 90 percent. Table 11 shows the classification table for Analysis 2.
Analysis 3: Schizophrenia Versus All Other
Outcomes-Total Sample. The third analysis tested whether the function that differentiated schizophrenia from no mental illness outcomes in the previous analyses is dependent on the use of an especially healthy comparison group. Perhaps it is that the characteristics of the no mental illness group drive the discrimination and that a comparison between no mental illness and any other psychiatric outcome would yield the same function. We also 
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No Mental Dlness (centroid= -0.34) wished to discover whether the level of predictive accuracy obtained in the previous analyses is contingent on our use of an a posteriori excluded-middle sample, or whether such accuracy could be transferred to an unselected sample. Therefore, we used the entire subject pool of those who received lifetime diagnoses (n = 293) and compared schizophrenia (n -33) with all other outcomes (n = 260). If the results from the prior analyses were an artifact of the no mental illness group, then we should expect different variables to enter the function, and the resulting function to have greatly reduced significance and predictive efficacy.
Univariate comparisons between schizophrenia and nonschizophrenia outcomes (table 12) revealed a similar pattern of differences as observed in Analysis 2. We note that although the F ratios are somewhat reduced, the five most significant predictors are identical in the two analyses. Individuals who go on to develop schizophrenia are at elevated genetic risk, show stronger interactions of risk with both rearing environment and social class, experience more shifts in their primary family, and are more disruptive and excitable in school than their peers who do not develop schizophrenia. When a stepwise DFA was applied, the results were the same: the risk X rearing interaction entered first (p < 0.00005), followed by disruptive school behavior (p = 0.024). Covariance matrices for the two groups were unequal (Box's M = 19.7, p = 0.0002). Wilks' lambda for the function was 0.862 (chi-square = 43.1, df-2,p< 0.00005), which indicates that the function accounted for about 14 percent of the variance in diagnostic outcome in the total sample. The discriminant function coefficients and the group centroids are displayed in figure 3 . As seen in table 13, this function (DFA3) had a sensitivity of 67 percent, a specificity of 76 percent, a positive predictive value of 26 percent, and a negative predictive value of 95 percent when used to predict schizophrenia versus nonschizophrenia outcome.
Followup Analyses: Differential Prediction of Schizophrenia Within Risk Category. Because of the consistent result that environmental effects appear to interact with level of genetic risk in predicting schizophrenia outcome, we decided to investigate the prediction of schizophrenia within each risk group. The significant overall interaction term could indicate one of several possibilities. First, the risk X environment interaction we used did not partial out the contributions of its linear components. Thus, the interaction may indicate that both risk and environmental factors contribute to the prediction of schizophrenia but do not create a bona fide interaction. In this case, we would expect the magnitude of the environmental effect to be similar in both the high-risk (one spectrum parent) and super high-risk (two spectrum parents) groups. Provided we had a sufficient sample size to test the prediction of schizophrenia among low-risk individuals, we would expect the environmental effect to be comparable with that for high-risk individuals. Alternately, the risk X environment term may indicate a true multiplicative interaction. If this were the case, then we would expect environmental variables to have little predictive impact in low-risk samples, a greater effect in high-risk samples, and maximum adverse consequences for super high-risk samples. This scenario would support the contention that genetic predisposition for schizophrenia results in an increased vulnerability to negative environmental events. A third possibility is that an entirely different set of predictors is operative for low-risk, high-risk, and super high-risk individuals. If this were verified, it would suggest that schizophrenogenic genes interact with the environment in a complex way, creating multiple developmental pathways to schizophrenia based on biological vulnerability.
These hypotheses can be only partially tested with the present data. The sample does not include enough low-risk schizophrenia individuals to adequately model environmental effects for this group. Therefore, only the high-risk and super high-risk groups were compared. We based our selection of predictors on the results of Analyses 1 through 3. For each group, we used the set of environmental predictors (institutionalization, family instability, maternal conflict, paternal conflict, and peer contact) as well as disruptive behavior as candidates for entry in a DFA. As these followup analyses are largely exploratory, the criterion for entry was raised to p < 0.10 to counter the small sample sizes of these subgroups and the resulting reduced power. Schizophrenia and no mental illness outcomes were contrasted in each risk category. Univariate indicators of schizophrenia outcome for each risk group are given in table 14. Sequential Bonferroni correction (with k = 6) was again used to control testwise type I error. From these results, it appears that for those with one spectrum parent, individuals who develop schizophrenia have spent more time in children's institutions than individuals who never become mentally ill. There is also a trend for subjects who later develop schizophrenia to show more disruptive behavior in school. By contrast, no single predictor meets the criterion for significance (p < 0.0083) among those with two spectrum parents; however, there are trends for individuals who develop schizophrenia among this subSchizophrenia (centroid= 1.12) All Other Outcomes (centroid= -0.14) group to have less stable mothers and fathers, to experience more changes in family constellation, and to be more disruptive and excitable in school than their nondiagnosed peers.
In the high-risk sample, a DFA separating schizophrenia from no mental illness outcomes included only institutionalization (p = 0.0070) in the discriminant function. The resulting function accounted for 10 percent of the variance (Wilks' lambda = 0.899, chi-square = 7.3, df = 1, p = 0.0070). In the super high-risk sample, maternal conflict (p -0.020) entered the DFA first, followed by disruptive behavior (p = 0.027) and family instability (p = 0.065). This function accounted for 39 percent of the variance in outcome (Wilks' lambda = 0.610, chi-square = 13.6, df = 3, p = 0.0035). The functions for both groups are diagrammed in figure 4. As can be seen in the classification tables presented in table 15, prediction was much more accurate within the super high-risk group. For this group, 71 percent of future cases of schizophrenia are classified correctly with a specificity of 94 percent, a positive predictive value of 91 percent, and a negative predictive value of 80 percent. For the high-risk subjects with one spectrum parent, only 50 percent of future cases of schizophrenia can be identified on the basis of premorbid information; the discriminant function has a specificity of 77 percent, a positive predictive value of 43 percent, and a negative predictive value of 82 percent.
Discussion
Summary of Findings. One of the advantages of the multivariate analyses performed in the present study is (71) 1 (6) 4 (29) 16 ( No Mental Dlness (centroid= -0.70) that they essentially take the place of the univariate analyses (analysis of variance, t test, chi-square) that could have been used in 20 or more separate hypothetical papers. Given the schizophrenia versus no mental illness comparisons computed in Analysis 2 alone, one can imagine 11 reports that such variables as institutionalization, observed awkwardness, or the risk X SES interaction are significant predictors of schizophrenia at the p < 0.05 level. There could also be another 12 papers reporting the lack of significance of such factors as winter birth or verbal intelligence. Additionally, it is likely that only the first 11 papers would be published, giving the reader a biased view of the data and permitting positive results for winter birth or verbal intelligence in other studies to go unchallenged. Our study clarifies the relative contributions of 23 predictors and proposes a model composed of two variables-the interaction of genetic risk with rearing environment, and disruptive school behavior-that parsimoniously accounts for the large number of univariate predictive relationships observed. This model powerfully and accurately predicts schizophrenia outcome and remains stable regardless of the choice of comparison group. In Analysis 1, these two predictors account for 23 percent of the variance in discriminating between later schizophrenia and no mental illness diagnoses among adolescents at genetic risk for schizophrenia. When lowrisk participants are included, the same two predictors account for 31 percent of the variance when discriminating between schizophrenia and no mental illness outcomes (Analysis 2) and 14 percent of the variance when schizophrenia is contrasted with all nonschizophrenia outcomes (Analysis 3). As our model makes use of the most powerful variables from the Copenhagen sample, it is more likely to replicate in other samples than models using other significant (but less powerful) predictors. Despite its overall success in predicting schizophrenia, our model consistently fails to identify about one-third of individuals with schizophrenia, which suggests that some individuals with schizophrenia may be characterized by different constellations of predictors.
Joint Influences of Genes and Rearing Environment
The primary predictor in our model was the interaction between genetic risk and rearing environment. This single term accounted for 26 percent of the variance in Analysis 2, almost twice as much as that accounted for by risk alone (16%). This interaction term was formed by multiplying the sum of five rearing variables by the level of genetic risk. Because we did not control for the contributions of these individual components, the predictive power of the interaction could be due to the additive effects of both risk and rearing, and/or the presence of a true multiplicative interaction (Cohen and Cohen 1983) . In either case, it is clear that both risk and rearing exert an influence on liability for schizophrenia.
That genetic risk contributes to schizophrenia outcome is relatively unsurprising; the salience of this variable is almost universally acknowledged in the field (Gottesman and Shields 1982; Moldin and Gottesman 1997) . When the full range of the variable is present (i.e., when low-risk subjects are included), Analyses 2 and 3 show genetic risk to be the most powerful individual predictor of schizophrenia outcome. 8 The contribution of the rearing environment is more controversial, with some reports discounting its influence (Wender et al. 1977; Moldin and Gottesman 1997) . Our results support a body of work demonstrating the schizophrenogenic impact of an adverse rearing environment, especially among high-risk children (Walker et al. 1981; Tienari et al. 1989; Tienari 1991; Barr et al. 1996) . It also appears that the impact of the rearing environment is global. In Analysis 1, the global rearing score accounted for 13 percent of the variance, whereas institutionalization, the strongest individual rearing variable, accounted for only 6 percent of die variance. In the Finnish Adoption Study, a global family mental health variable was more predictive of schizophrenia outcome than a host of more specific family indices (Tienari 1991) . Likewise, the robustness and diversity of rearing variables that have been shown to predict schizophrenia in the Copenhagen HighRisk Project support a general, rather than a specific, rearing effect (Walker et al. 1981; Talovic 1984; Burman et al. 1987; Cannon et al. 1990; Gutkind et al. 1997; Carter and Mednick 2001; Schiffman et al. 2002) .
Three main explanations have been proposed in the literature to account for the joint effects of genes and environment in the prediction of schizophrenia (Kendler and Eaves 1986; Tienari 1991) . The first possibility is that genetic factors are not necessary for schizophrenia to occur, but genes and environment both contribute additively to schizophrenia liability. In the second model, genetically transmitted vulnerability is a necessary precondition for schizophrenia, and these genes control the sensitivity to the environment. In this model, a negative environment increases the chances that genetic vulnerability will manifest as clinical schizophrenia. The third explanation is that a genetically predisposed child will tend to produce a negative environment.
In Tienari's (1991) analysis of the Finnish Adoption Study data, the interaction of genetic risk and family disturbance contributed to the prediction of schizophrenia outcome even after the linear contributions of each variable were accounted for. This result supports the second explanation over the first; indeed, this is the explanation currently favored by the Finnish investigative team (Wahlberg et al. 1997) . However, because the family's psychological health was assessed after many in the sample had become ill, the third explanation could not be ruled out.
In the present study, the rearing environment was assessed prospectively, before subjects entered the risk period for psychosis; additionally, rearing factors such as institutionalization and family instability reflected the inconsistency of the caregivers rather than the misbehavior of the child. Therefore, the third environment-as-epiphenomenon model is unlikely. 9 The current data best support an interactive model. The schizophrenogenic effect of the rearing environment appears to be negligible when risk is absent and increases as the level of risk increases. As the analyses by risk group demonstrate, rearing appears to be only moderately predictive among the high-risk (risk = 1) group but shows a larger effect and has greater predictive accuracy among the super high-risk (risk = 2) group. These results are suggestive but should be confirmed by a reanalysis that controls for the linear effects of risk and rearing in the interaction term.
Although we have shown a consistent effect for rearing stress as a global construct, there is less consistency in the effects of any of the specific rearing factors. Considering the univariate results from table 14 (and removing the restriction of a Bonferroni correction for the moment), it appears that the rearing factor that predicts schizophrenia in the high-risk (risk =1) group, institutionalization, has no effect on the super high-risk (risk = 2) subjects. Conversely, family instability, maternal conflict, and paternal conflict appear to have a large impact on the super highrisk group but not the high-risk group. This discrepancy highlights a problem for the field as a whole: How are we to interpret our repeated failure to identify specific rearing environment factors predisposing to schizophrenia? Many studies have linked some sort of rearing stress or disrup-tion with increased schizophrenia risk; few have agreed on the exact nature of this disruption. On the one hand, this may be a product of the limitations of our research designs and hypothesis testing: only a few measures can be tested at a time, with decades separating assessment and outcome, and true effects may be hidden by sample bias and low power (Schmidt and Hunter 2002) . In this case, future large-scale prospective studies may eventually pinpoint specific factors in the rearing environment that are responsible for the apparent diffuse effect. On the other hand, perhaps the impact of the rearing environment on schizophrenia vulnerability is nonspecific. This is what would be predicted by the diathesis-stress model: a specific diathesis sets the threshold for schizophrenia, but excess stress-of whatever origin-pushes one over the edge. Because particular stressors may affect individuals idiosyncratically, we would expect to continue to find variability in the effects of individual indices but an overall cumulative effect nevertheless.
If a general rearing factor is granted a role in the etiology of schizophrenia, what is the most plausible mechanism for its effect? Diathesis-stress theory posits that for the high-risk child, family upheavals and conflicts produce excessive stress, which accumulates throughout childhood and somehow lowers the threshold for eventual decompensation (Burman et al. 1987) . From an attachment perspective, disruptions in the young child's contact with key caregivers, or excessive unpredictability in that contact, can interfere with the formation of a positive, healthy attachment and can lead to inadequate social functioning and coping skills (Guidano and Liotti 1983; Lopez and Brennan 2000) . Disruptions in early attachment have been linked to later interpersonal disturbances, anxiety, depression, borderline personality, and, among those with a genetic predisposition, to schizophrenia (Bowlby 1951; Barr et al. 1996; Dozier et al. 1999; Kobak 1999) .
The proposition that dysfunctional and disrupted rearing exacerbates a genetic vulnerability has an interesting corollary: positive, healthy, and consistent rearing may serve a protective effect and decrease the chance of decompensation among high-risk offspring (Tienari 1991) . As a preliminary test of this premise, high-risk subjects were divided into three groups on the basis of their summary rearing scores (i.e., the sum of the five rearing variables). The top quartile of the distribution (those with the most adverse rearing environments) formed the negative rearing group, the bottom quartile formed the positive rearing group, and the middle half of the distribution constituted the average rearing group. Rates of schizophrenia outcome and no mental illness outcome were compared among groups using a chi-square test. The differences in outcome rates were highly significant (chi-square = 12.0, df -2, p = 0.0025). The negative rearing group had the highest rate of schizophrenia (27.1%) and the lowest rate of no mental illness (18.8%). Conversely, the positive rearing group had a lower incidence of schizophrenia (6.3%) than the average rearing group (16.0%) but had a similar rate of no mental illness outcomes (43.8% vs. 40.0%) . This suggests that a positive rearing environment has a protective effect among those with a genetic predisposition, at least with respect to schizophrenia outcome.
School Behavior. School behavior, as a global index of premorbid functioning that includes personality, social, emotional, and academic aspects, is generally regarded as one of the best predictors of adult mental health or illness (Garmezy 1975) . Our analyses confirm that a disruptive, excitable, and aggressive pattern of behavior significantly predicts schizophrenia. The same premorbid pattern is noted in follow-back reports by Frazee (1953) and Watt (1972) , and in more recent prospective reports (Done et al. 1994; Olin et al. 1995; Amminger et al. 1999) . For individuals who eventually develop schizophrenia, disruptive school behavior may reflect either incipient signs of the disease process, such as emotional dysregulation and social disturbance, or a learned reaction to a dysfunctional family environment. In this light, it is especially noteworthy that disruptive behavior exerts a predictive influence beyond the effects of genetic risk and the rearing environment. Thus, disruptive behavior appears to be a partially independent factor that may indicate a particularly dysfunctional expression of genetic factors, environmental factors, or both.
Considerable heterogeneity exists in the premorbid behavior of individuals with schizophrenia, and not all evidence a dysfunctional pattern of disruptiveness in school. In this sample, 61 percent of the schizophrenia group scored in the highest quartile of the low-risk disruptive behavior distribution. If the low-risk sample is taken as a proxy for the general school-age population, it is evident that preschizophrenia students are more frequently disruptive than other students. However, this also indicates that 39 percent of the schizophrenia group showed relatively normal behavior in school. Such heterogeneity-noted by Pollack et al. (1966) , Watt (1972) , and Amminger et al. (1999) -suggests the existence of multiple developmental pathways to schizophrenia.
Several studies have reported the prominence of passive and withdrawn behavior in the premorbid histories of individuals with schizophrenia (Bower et al. 1960; Roff et al. 1976a; Asarnow et al. 1991) , particularly females (Watt 1972; Watt and Saiz 1991; Olin et al. 1995) . However, the results of the present analyses suggest that neither passive behavior in general nor its interaction with gender makes a substantive difference in the prediction of schizophrenia in a high-risk population.
Negative Findings. The present results conflict with the results of prior studies due to a lack of significant findings for cognitive, autonomic, or birth variables. We note that individuals with schizophrenia showed no premorbid cognitive deficits and had practically identical mean IQs to those of all other groups, both high risk and low risk. This sharply conflicts with the Israeli population study of Davidson et al. (1999) , which reported greatly reduced scores on Draft Board intelligence tests for men who later developed schizophrenia. The cognitive tests they used were comparable to the WISC and contained subtests tapping both verbal and performance domains. We note that most studies that have shown general premorbid cognitive deficits for schizophrenia have used retrospective assessments of unselected adult schizophrenia patients (Lane and Albee 1964; Jones 1998; Davidson et al. 1999) . Given that most of these schizophrenia subjects are unlikely to have strong family histories for the disorder, perhaps those wirn and those without genetic risk have different pathways for schizophrenia ontogenesis, with marked premorbid cognitive deficits evident in only low-risk schizophrenia cases. To support this conjecture, we also note that both the New York High-Risk Project and the NTMHIsraeli High-Risk Study assessed subjects using the WISC, but neither study has reported that general cognitive deficits predict either schizophrenia or psychotic outcome. By contrast, both studies have reported predictive efficacy for specific neuropsychological measures. The NIMH-Israeli High-Risk Study found that lowered scores on a digit-cancellation test of sustained attention predicted later schizophrenia spectrum cases (Mirsky et al. 1995a) . The New York High-Risk Project found that high-risk individuals who develop schizophrenia showed marked premorbid impairments on both attentional and memory indices drawn from the Continuous Performance Test, the Attention Span Task, the Visual Aural Digit Span, and the WISC Digit Span (Erlenmeyer-Kimling 2000). Although we can find no evidence in the Copenhagen sample for the predictive efficacy of the WISC subtests most similar to these domains (Watson et al., in press), we did not assess these cognitive domains adequately. Perhaps if we had used more sensitive neuropsychological tests, similar patterns would be evident in our own sample.
The lack of findings for premorbid autonomic responding is unremarkable in the context of findings from other samples. Very few published reports have shown skin conductance measures to differentiate individuals with schizophrenia from individuals without schizophrenia premorbidly. For example, the New York High-Risk Project used a skin conductance conditioning paradigm similar to that used in the Copenhagen project (Erlenmeyer-Kimling et al. 1984 ) but has thus far not published any results that predict schizophrenia with conductance measures. However, in the context of work by Cannon et al. (1990) on the Copenhagen sample, our present lack of findings may be due to divergent skin conductance response patterns between subgroups of individuals with schizophrenia.
In terms of birth factors, we were only able to assess the impact of winter birth adequately on the whole sample. The lack of a noticeable effect in our study may have to do with our relatively modest sample size. Most reports of a winter birth effect on schizophrenia have used large population samples in which it is possible to detect a very small effect (Dalen 1975; Mortensen et al. 1998) . We excluded the birth complication score from our analysis because of the high number of missing values. However, even if those with missing data are dropped from the analysis, the birth complication score is a poor predictor of schizophrenia (F = 0.04, df= 1, 79, p = 0.85 for the high-risk schizophrenia vs. no mental illness comparison). This appears to contradict Cannon et al.'s (1990) earlier report. However, in that report, birth complications were found to predict predominantly negative-symptom schizophrenia. Also, those results may have been specific to those who were diagnosed at the 10-year followup; predictive power decreased when the data were reanalyzed using lifetime diagnoses (Cannon and Mednick 1993) .
Schizophrenic Subgroups: A Possible Confound. In our predictive model, schizophrenia cases were identified by a combination of genetic risk, adverse rearing environment, and disruptive behavior in school. It is clear, however, that not all schizophrenia cases could be so identified: about one-third were misclassified by the discriminant function; 59 percent were raised in averageto-healthy rearing environments; and 39 percent showed relatively nondisruptive behavior in school. Given the body of evidence supporting divergent developmental pathways for different subgroups of individuals with schizophrenia (Venables 1964; Asarnow and Mann 1978; Gottesman and Shields 1982; Cannon et al. 1990; Erlenmeyer-Kimling et al. 1993; Roff and Knight 1994) , it is possible that by attempting to predict schizophrenia as a unitary outcome, we merely picked up the premorbid characteristics of the largest schizophrenic subgroup. According to Cannon et al.'s (1990) and Cannon and Mednick's (1993) analyses of the same sample, adverse rearing environments and disruptive school behavior are characteristic of predominantly positive-symptom schizophrenia. Perhaps those who develop predominantly negative-symptom schizophrenia constitute the bulk of the misclassified cases. Additionally, the most predictive characteristics for this subgroup-birth complications, autonomic nonresponsiveness, and passive school behavior (Cannon et al. 1990 )-may have been overlooked because of the influence of the other schizophrenia cases. Premorbid differences between paranoid and nonparanoid subtypes have also been reported in the literature: deviant MMPI scores predicted paranoid but not nonparanoid schizophrenia (Carter et al. 1999) , and attentional disturbance predicted nonparanoid outcomes only (ErlenmeyerKimling et al. 1993 ). We did not divide schizophrenia outcome into subgroups because the resulting cell size would have been inadequate for the number of predictors used. Therefore, the question of the most appropriate division of the disorder (positive symptom vs. negative symptom, paranoid vs. nonparanoid, or another rubric; see Parnas et al. 1988 ) and the development of subgroup-specific prediction models must await future efforts.
Low-Risk Comparison Groups in the Prediction of Schizophrenia.
In reexamining the results, one question that intrigued us was why there was a marked increase in the number of variables that significantly distinguish schizophrenia from no mental illness once low-risk subjects are included (i.e., Analysis 2). This could be an artifact of the increased n, or it could be that the low-risk subjects show even less deviance than the high-risk no mental illness group. Put another way, perhaps low-risk individuals are not phenotypically equivalent to even the healthiest high-risk individuals. It is possible that high-risk subjects who manage to avoid psychopathology share some deviant characteristics with their peers who become ill. This question was evaluated by comparing the entire highrisk (n = 212) and low-risk (n = 99) groups on the same predictors used in the discriminant analyses. Because risk was the criterion for division of the sample, risk and its interactions were excluded from the set of predictors. As seen in table 16, these comparisons reveal startling premorbid differences between groups. High-risk subjects have less healthy rearing environments: they have more volatile mothers and fathers, undergo more frequent changes in the family constellation, and spend more time in institutions than their low-risk peers. There are also notable personality and behavior differences: high-risk subjects evidence more subclinical pathology, interpersonal oddness, and disruptive behavior in adolescence than do low-risk subjects. Finally, high-risk teens show a more exaggerated autonomic response to an aversive stimulus. Given these differences, it seems that a portion of the univariate effects in Analyses 2 and 3 are attributable to distinguishing the low-risk subjects, who are extremely unlikely to develop schizophrenia. As seen in the univariate results for Analysis 1 (table 8) , it is perhaps more difficult to separate preschizophrenia subjects from their highrisk peers premorbidly.
We note that the low-risk sample is not representative of the general Danish population, so high-risk versus low- risk differences must be interpreted with caution. The parents and grandparents of the low-risk adolescents were screened for history of psychiatric hospitalization, which would not be true of the general population. For this reason alone, it may have been easier to separate the highand low-risk groups than it would be to identify high-risk individuals within a population sample, thus exaggerating the differences noted in table 16 and perhaps inflating the positive and negative predictive values reported for Analyses 2 and 3. Conversely, the low-risk sample was relatively disadvantaged by virtue of being matched to the high-risk group on SES and placement in a children's institution. In terms of rearing conditions, then, we might expect the low-risk group to be more similar to the high-risk group than the general population would be, and thus more difficult to separate empirically. Until the relationship between the low-risk sample and the population is clarified, table 16 should be interpreted as indicating differences between having a parent with schizophrenia and having a relatively "clean" family history, among those with similar demographic profiles.
Early Identification and Primary Prevention. Our original interest in maximizing predictive accuracy was not only theoretical but practical: the possibility of identifying individuals prone to schizophrenia before they become ill. Our results indicate that, within a high-risk sample, the selection accuracy obtainable using multiple predictors is a substantial improvement over univariate predictors. Previous attempts at predicting schizophrenia in the Copenhagen high-risk sample with one premorbid variable have succeeded in correctly classifying from 35 to 47 percent of schizophrenia outcomes at the cost of misclassifying 15 to 25 percent of no mental illness outcomes, depending on the variable used (Carter and Mednick 2001) . If only the variable of genetic risk is used, and those with two spectrum parents (super highrisk) are selected as most likely to develop schizophrenia, 44 percent of high-risk schizophrenia outcomes are correctly identified, and 24 percent of no mental illness outcomes are identified in error. Using the discriminant function from Analysis 1, we were able to correctly identify 66 percent of those who developed schizophrenia without substantially increasing our misclassification rate (27%).
Although Analyses 2 and 3 show retained predictive accuracy when a low-risk sample is added to the pool, these results should not be taken as evidence for effective prediction in low-risk samples (or in the general population). At two-thirds of the total, high-risk participants still drive these analyses; it must be remembered that our sample included only one low-risk individual who developed schizophrenia, and thus we cannot generalize beyond a high-risk population. In addition, even if we were able to identify low-risk schizophrenia-prone individuals with comparable sensitivity and specificity, the low base rate of schizophrenia among the low-risk population combined with the substantial (20%-27%) false positive rate would drive our positive predictive value down to about 2 percent.
In Analysis 1, we reported a positive predictive value of 53 percent. However, this figure applies only to an artificial "excluded middle" sample selected to highlight a particular comparison-in this case, schizophrenia versus no mental illness. If we were to model a premorbid early identification effort on our data, we would also have to consider that 41 high-risk adolescents who developed nonschizophrenia disorders would be classified as having schizophrenia, lowering our positive predictive value to 26 percent. Depending on the goals of the early identification program, one might argue that schizophrenia spectrum conditions such as atypical psychosis and schizotypal personality disorder could be considered true positives, in the sense that these disorders also result in severe functional deficits and are likely to respond to schizophrenia-oriented intervention strategies. In that case, 58 percent of the selected high-risk group develop a spectrum condition (i.e., a positive predictive value of 58%), compared with a 42 percent base rate in the high-risk group overall. If we were to target children with two spectrum parents (super high-risk), our model predicts that 38 percent of the identified sample would develop schizophrenia, rising to a positive predictive value of 85 percent for a spectrum disorder (compared with a 54% base rate in the super high-risk group overall).
These results are encouraging but should be carefully considered in light of early identification and intervention efforts already under way in Australia, Europe, and the United States. As of yet, no such efforts have been directed at the premorbid, asymptomatic phase of schizophrenia. The Early Psychosis Prevention and Intervention Centre in Melbourne, Australia, and the Early Treatment and Identification of Psychosis (TIPS) program in Rogaland County, Norway, have used a multimodal approach (combining public service education, an early detection network, and active engagement of consumers) to reduce the duration of psychosis following first break (McGorry et al. 1996; . Great strides have also been made in the development of criteria for prospectively identifying prodromal schizophrenia. These criteria have been shaped by extensive assessment and close monitoring of those presenting for treatment because of prodromal-like symptoms (Klosterkotter et al. 2001; McGlashan et al. 2001; McGorry et al. 2001 ). For example, Yung et al. (1998) reported that 40 percent of Australian individuals prospectively selected as prodromal developed psychosis within 1 year. In Cologne, Germany, Klosterkotter et al. (2001) correctly predicted psychotic decompensation in 79 percent of cases hospitalized for subthreshold psychotic symptoms. The cutting edge of this work is intervention in the prodromal stage. Spearheaded by a large, open trial in Buckinghamshire, England, in the late 1980s (Falloon 2001) , current interventions include randomized treatment trials at the Personal Assessment and Crisis Evaluation (PACE) clinic in Melbourne (McGorry et al. 2001) and at the Prevention Through Risk Identification, Management, and Education (PRIME) clinic in New Haven, Connecticut . These interventions involve a coordinated combination of cognitive therapy, family education, and neuroleptic medication.
Although these treatments are controversial because medication may be given to those only suspected of becoming psychotic, it is important to note that their participants are drawn from a symptomatic, treatment-seeking population. This stands in contrast to the adolescents identified in the present study, who were largely asymptomatic and were not seeking treatment at the time of the premorbid assessments. As emphasized by Gottesman and Erlenmeyer-Kimling (2001) , the risk of applying potentially hazardous treatments to false positives in this group is great, especially considering the currently modest levels of premorbid predictive accuracy (Erlenmeyer-Kimling 2000) . However, the door is left open to consider less invasive interventions with premorbid high-risk groups. For example, engaging high-risk adolescents and their families at an early stage and attempting to increase awareness and reduce stigma through psychoeducational outreach is a reasonable first step. The possibly harmful effects of labeling would be minimized in a high-risk group because they would have had firsthand experience with a relative with schizophrenia and would already be concerned about the possibility of developing the disorder. Another alternative might be to use a premorbid identification paradigm to select a subsample of high-risk individuals for closer monitoring and followup. This phase could then be integrated with a prodromal intervention program for those individuals developing symptoms later.
Limitations of the Present Study. Our analyses were drawn from data collected in one of the first longitudinal studies of schizophrenia. It is unavoidable that methodological problems may be apparent more than 35 years later. One weakness is that many of the assessments used in 1962-1964, such as the social worker interview, the psychiatric interview, and the teacher's report, were created by the principal investigators based on their clinical experience and were not norm-referenced or field-tested for reliability. In the present study, the variables drawn from these assessments were constructed by rational and factor-analytic methods and checked for internal consistency; however, variables were both validated and analyzed using the same sample. A second assessment problem is that fathers were not given a thorough diagnostic interview until 20 years after the initial assessments of their children. The investigators (present authors included) assume, following Meehl's (1962 Meehl's ( , 1990 ) model of schizotaxia and DSM formulations of personality disorder, that schizophrenia spectrum disorder diagnosed in 1983 was likely present in 1962 and includes a genetic component transmissible to offspring. However, the possibility that schizophrenia breakdown in the offspring contributed to spectrum decompensation in fathers-however unlikelycannot be ruled out.
The present analyses are also limited by other factors. First, these data have been analyzed extensively in other papers, and our hypotheses are drawn in part from some of these earlier analytic efforts. Second, the sample may not be large enough to adequately test the number of variables we have proposed. Sample-specific error, particularly within the relatively small group of schizophrenia outcomes, may have biased our results and limited their generalizability. Furthermore, our results may not generalize to low-risk schizophrenia outcomes, despite the contention that completely nongenetic cases of schizophrenia have not been verified . Additionally, we did not examine the structural relationships among predictors and restricted our predictions to a single, dichotomous variable (diagnosis). Finally, we were able to account for only a minority of the variance in outcome, which suggests that other factors influencing the development of schizophrenia were not assessed.
Recommendations for Future Study. The most immediate obstacle to the application of our prediction results lies in their uncertain reliability and generalizability. To rec-tify the situation, replication is urgently needed. Two other prospective longitudinal projects studying children at high genetic risk for schizophrenia are in a position to confirm or refute our findings: our own Obstetric High Risk study, and the New York High-Risk Project. Both projects have similar sets of premorbid measures as the Copenhagen High-Risk Project, and both have completed adult diagnostic assessments. In addition, both designs include a psychiatric control group, which would allow an assessment of the specific impact of parents with schizophrenia versus parents with nonspectrum mental illnesses. Multivariate prediction models need to be run and reported for these studies, and the DFAs reported in this article should be cross-validated using these samples. It will also be necessary to integrate results from high-risk designs and unselected follow-back designs (e.g., Davidson et al. 1999 ) to identify points of commonality and to evaluate the extent that results may be generalized.
It may also be to our advantage to more closely examine the records of those misclassified by the DFA. Individuals with schizophrenia who were predicted to have no mental illness may constitute a schizophrenia subgroup, such as predominantly negative-symptom schizophrenia, which has different premorbid characteristics from the majority of schizophrenia cases. More work needs to be done to validate the prediction of schizophrenia subgroups reported by Cannon et al. (1990) . High-risk subjects who were classified as having schizophrenia on the basis of premorbid data, but never diagnosed with a mental illness, present another puzzle. Clinical interviewers for the study report that many of the undiagnosed high-risk subjects nevertheless manifested dysfunctional subclinical syndromes (Parnas, personal communication, December 2000) . Perhaps many of the false positives we selected show symptoms and functional deficits that could benefit from preventative efforts.
Two other research directions are suggested by the present findings. First, the full pattern of structural relationships among predictors, and from predictors to diverse functional outcomes (in addition to diagnosis), could be investigated. This would provide as complete a picture as possible of the development of psychopathology and life dysfunction in high-risk samples, including the present sample. Second, future prospective longitudinal projects in the area of schizophrenia can benefit from the strengths and weaknesses of the Copenhagen design. Rearing environment and school behavior should be thoroughly assessed. Both parents should receive a complete diagnostic and functional evaluation at the same time as the children are first assessed. Measures with proven reliability and validity should be used in all assessments. In addition, a larger sample would be desirable. Finally, it will be informative to assess potentially predictive domains not tapped in the Copenhagen project, such as neuromotor functioning, deviations in brain structure, and minor physical anomalies.
